SUMMARY We determined the respiration, respiratory control, and Pi:O ratios with different substrates in mitochondria isolated from five cases of human neuromuscular disorders (two cases of central core disease, two cases of neuropathy of Dejerine-Sottas, and one case of KugelbergWelander's disease) and compared them with normal human muscle. In all the myopathies studied, a severe derangement of the respiratory control with variable derangement of oxidative phosphorylation was found. This supports the idea that a group of neuromyopathies shares the same biochemical lesion as the so-called mitochondrial myopathies, forming with them a group of myopathies which may be related through a similar biochemical lesion of varying degree. Alternatively, disturbance of mitochondrial functions in a number of myopathies could be considered as a non-specific finding.
Despite the frequent occurrence of morphological changes in mitochondria in many types of human neuromuscular disorders (Gruner, 1963; Aleu and Afifi, 1964; Gonatas, Perez, Shy, and Evangelista, 1965; Norris and Panner, 1966; Gonatas, 1967; Engel and Dale, 1968; Chou, 1969) , several myopathies have been described in which abnormalities of this organelle were -considered to be of major significance (Luft, Ikkos, Palmieri, Ernster, and Afzelius, 1962; Shy, Gonatas, Perez, 1966; Coleman, Nienhuis, Brown, Munsat, and Pearson, 1967; Wijngaarden, Bethlem, Meyer, Hiilsmann, and Feltkamp, 1967; Price, Gordon, Munsat, and Pearson, 1967; Hulsmann, Bethlem, Meyer, Fleury, and Schellens, 1967; D'Agostino, Ziter, Rallison, and Bray, 1968; Bradley, Hudgson, GardnerMedwin, and Walton, 1969; Spiro, Prineas, and Moore, 1970; Salomon, Esiri, and Ruderman, 1971 ) and for such cases, the term 'mitochondrial myopathies' has been coined (Price et al., 1967) .
Mitochondrial myopathies do not seem to show a uniform pattern of clinical symptoms or microscopic lesions and, therefore, are usually defined by the existence of various kinds of severe alterations of the mitochondrial structure. Five cases of mitochondrial myopathies have been studied biochemically (Luft et al., 1962; Hiilsmann, et al., 1967; Van Wijngaarden et al., 1967; Spiro et al.,1970) . These studies suggest that mitochondria from mitochondrial myopathies have a characteristic functional lesion: they are loosely coupled. That is, these mitochondria lack respiratory control (ratio between respiration in the presence of ADP and respiration in the absence of ADP), while the phosphorylation (quantity of ADP phosphorylated for each molecule of oxygen consumed) remains unaltered. Since mitochondria with good phosphorylating ability are frequently referred to as 'wellcoupled', the term 'loosely-coupled' is equivocal. It may be preferable to substitute the term 'uncontrolled-well-coupled' (lack of respiratory control, well-coupled phosphorylation) for 'loosely-coupled' when defining mitochondrial myopathies.
We have studied the functions of mitochondria isolated from muscle specimens of five cases of human neuromuscular disorders (none of which was considered as primarily mitochondrial) in comparison with mitochondria from normal muscle.
ter), two cases of neuropathy of Dejerine-Sottas, and one case of Kugelberg-Welander's disease. The diagnosis of each was arrived at by clinical, histological, histochemical, and electron microscopy investigations. A complete description of the cases will be reported elsewhere. Normal muscle was obtained from three victims of traffic accidents and from normal rats.
Mitochondria were isolated from muscle biopsy specimens of 8 to 15 g, essentially by the method of Chappel and Perry (Ernster and Nordenbrand, 1967) with a variation in the homogenization procedure. The tissue homogenization was as follows: the excised muscle specimen, immersed in 015 M KCI, was blotted with filter paper, freed from fat and connective tissue, quickly weighed and immersed in an ice cold isolation medium (50 mM tris HCl, 100 mM KCI, 5 mM MgC12, 1 mM ATP and 1 mM EDTA at pH 7 4). Then the tissue was minced with scissors, washed, and homogenized in a Sorvall omnimixer (50 ml. stainless steel chamber, rotor shaft 17165, rotor knife 1768, position 6 of speed control) for 60 seconds. The resulting homogenate was diluted 1:1 with isolation medium and further homogenized in a Teflon-glass Elvehjem-Potter homogenizer (clearance 0-15 mm. One to three strokes at 2,000 rpm, depending upon the preparation, to reach a perfect degree of homogenization). The homogenate was diluted with isolation medium and centrifugation of the mitochondria was performed by the method of Chappel and Perry (Ernster and Nordebrand, 1967) . The isolated mitochondria were washed at least three times to avoid contamination with myofibrillar ATPase. Hulsmann, Jong, and Tol (1968) reported that homogenization with a loose-fitting homogenizer releases predominantly subsarcolemmic mitochondria with low respiratory control. Our method of homogenization gives a good yield of high quality mitochondria, as shown by our respiratory control data on normal human muscle (respiratory control from 10 to 16) and on normal rat muscle (respiratory control from 6 7 to 12) ( Table 1 ). The rat data are included for comparison with the data of Hulsmann et al. (1968) . The fact that the yield and the respiratory control figures found by us in normal muscle are high implies that, with our method of homogenization, a good fragmentation of the tissue was obtained, at least similar to that achieved by Hillsmann et al. (1968) with tight Teflon homogenizers.
Mitochondrial respiration was determined polarographically in a Clark type oxygen electrode using 0 25 M sucrose, 20 mM KCI, 7 mM MgCl2, 5 mM Pi, and 10 mM tris HCI as the assay medium (pH 7.4, 22°C). The respiratory control and the Pi:O ratio were determined as described by Estabrook (1967) In all cases of pathological muscle, the Pi: 0 ratios obtained were additionally checked by determination of Pi uptake (Slater, 1967) . One aliquot of the mitochondrial suspension was incubated in the oxygen electrode for 40 minutes in the presence of 3 mM ADP. The Pi content at zero and 40 minutes was determined. Pi:O ratios determined by Pi uptake are included in Table 1 between parentheses.
Other scientists working in this field prefer, for the determination of Pi:O ratios, the assay of glucose-6-phosphate in a system in which ADP is continuously supplied by ATP, glucose, and hexokinase. Such a system usually yields low respiratory control which indicates the need for a separate determination of respiratory control adding ADP to mitochondria in state 4. Given the shortage of mitochondria imposed by human muscle biopsies, it is preferable, if respiratory control is detectable, to use a method that simultaneously yields the higher and more accurate figures of respiratory control and Pi:0 ratio as in the method of Estabrook (1967) . This method is able to measure the initial capabilities of mitochondria in a very short time. To illustrate the differences between the three methods of determining Pi:0 ratios and respiratory control (the ADP:O ratio, Pi uptake and glucose 6 phosphate assay), the data on rat masseter shown in Table 1 (Table 1) , it can be observed that the respiratory control is lower with the glucose-6-phosphate assay method and that the figure obtained compares well with that obtained by Hulsmann et al. (1968) using the same method.
Mitochondrial protein was determined by the method of Gornall, Bardawill, and David (1969 
RESULTS
It has been reported that a marked extent of fibrosis and fatty replacement are associated with disturbances of mitochondrial function (Peter, Stempel, and Armstrong, 1970 Table 1 shows the respiration in state 4 (absence of ADP), respiration in state 3 (presence of ADP), the respiratory control, and the Pi: 0 ratios found in the mitochondria of the five pathological cases and in normal muscle with glutamate plus malate or succinate as substrates. This Table also includes the respiration with ascorbate plus N,N,N',N'-tetramethyl-P-phenylene diamine (TMPD), the source of the muscle, the yield of mitochondria per gram of muscle, and the age, sex, clinical, and microscopic findings in each case.
The normal muscle showed a respiratory control of 10-16 (glutamate plus malate) or 6-5-9 (succinate) and a Pi:0 of 2-84-2-94 (glutamate plus malate) or 1 76-1-95 (succinate). These figures approximate to the ideal values for respiratory control and oxidative phosphorylation obtainable with isolated mitochondria. In comparison with these control values, the first case of central core disease (the father) showed a low respiration in state 3 and a relatively high respiration in state 4 with glutamate plus malate or succinate as substrates. Consequently, the respiratory control was very low, and since in this case the phosphorylation was also very low, almost uncoupled, these mitochondria can be defined as 'uncontrolled-uncoupled' (lack of respiratory control-lack of phosphorylation). The second case of central core disease (the daughter) also showed a marked alteration of the respiratory control, but the phosphorylation was less affected than in the first case, especially the phosphorylation with glutamate and malate used as substrates. These mitochondria may be defined as 'uncontrolled-partially coupled'. Case A of neuropathy of Dejerine-Sottas showed higher respiration than the other cases; moderate derangement of respiratory control and the phosphorylation was slightly affected. Case B of Dejerine-Sottas showed a complete lack of respiratory control and a very moderate derangement of the Pi: 0 ratios. The fifth case, a Kugelberg-Welander's disease, showed a very low respiratory control (uncontrolled) and phosphorylation was completely conserved. These two last cases, case B of Dejerine-Sottas and the Kugelberg-Welander, present, therefore, a biochemical pattern completely similar to that designated as 'loosely coupled' in mitochondrial myopathies. (Luft et al., 1962; Hiilsmann et al., 1967; Van Wijngaarden et al., 1967; Spiro et al. (1970) .
There was no significant difference between the controls and the myopathies in regard to the respiration with ascorbate and TMPD (Table 1) . Max (1972) has reported loss of functional activity of mitochondria in experimental diffuse atrophy.
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